Mesquite (Prosopis juliflora var. glandulosa Cockr.) produces a "hard" seed that must be scarified before rapid germination will occur (Fisher et al., 1959) . Scarification occurs naturally by passage of the seed through the digestive system of herbivores and birds. This method of dissemination coupled with the long life span of mesquite seed allowed invasion into many once-productive southwestern rangelands. A long life span is typical of many leguminous seeds (Mayer and PoljakoffMayber, 1963) . Unscarified velvet mesquite [P. juliflora var. velutina (Woot.) Sarg.] seeds may remain viable in the soil for at least 40 years (Tschirley and Martin, 1960) .
Little is known concerning optimum environmental conditions for mesquite germination and seedling establishment.
Since mesquite reproduces from seed only, knowledge of the range of conditions which allow germination would aid in understanding its ecological behavior. This study reports a segment of investigations underway to clarify the requirements for mesquite seedling establishment. 
Materials and Methods

Difficulties
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The method has been employed recently in studies of drought resistance in winter wheat (Powell and Pfeifer, 1956) in range grasses (McGinnies, 1960; Knipe and Herbel, 1960) , in interpretating the ecological range of certain grasses (Knipe, 1968) , and for studying germination mechanisms operative in weeds such as scotch thistle (Onopordum acanthium L.) (Scifres and McCarty, 1969 In another segment of study, mesquite seeds were placed in 90 ml glass vials on cheesecloth saturated with mannitol solutions of the desired moisture tension. The mesquite seeds were placed directly on the moistened cheesecloth. A plastic cap fitted with a glass tube in the center was placed on each vial. All openings except the end of the glass tube were sealed with lanolin paste and the vials submerged in water baths at 70, 85, or 100 F. The surrounding water maintained a constant temperature in the vial.
The anterior of the glass tube extended above water line to allow gas exchange.
One pint plastic cups containing sand were planted to mesquite seeds and placed in the water baths as a check against the germination and growth activity of control treatments in the vials. The sand was kept moist and temperature was monitored throughout the studies with a thermograph.
The variation was no more than one degree at any temperature. 
Results and Discussion
Seventy percent of the mesquite seeds germinated in distilled water after 72 hr in a 86 to 68 F alternating temperature regime (Fig. 1) . Percentage germination was not significantly decreased until at least 6 atm moisture tension was reached. A noticeable decrease in radicle lengths occurred at 2 and 4 atm, but primary root elongation followed the same trend as percentage germination. After 148 hr, 96oj', of the mesquite seeds under no moisture stress germinated.
No significant decrease in germination occurred until 10 to 12 atm moisture tension was reached.
Radicle elongation after 148 hr followed the same general trend as shown for 72 hr, but the magnitude of difference was decreased. A moisture tension of 6 atm was required before radicle elongation was reduced significantly after 148 hr. Germination of blue grama was depressed by 6 atm (data not shown), which correlated well with Knipe's (1968) report.
Thus, it would be expected that mesquite and blue grama could become established on sites similar in available moisture.
"Optimum" germination conditions result in prompt and complete seedling stands (Cracker and Barton, 1957) . Mesquite seeds maintained at 85 F in sand culture emerged within 24 hr after planting (Table 1 ). Those at 100 F required 42 hr, and those at 70 F required 72 hr for emergence. Total emergence at 72 hr was greater at 85 than at 100 or 70 F. Hypocotyl lengths reflected differences in seedling vigor and emergence rate. Germination was delayed at 70 F constant temperature (Table 2 ). Only 4y0 of the seeds under no moisture stress germinated after 24 hr. This explains the delayed emergence from sand media at the low temperature (Table 1) . There was little effect of moisture stress on the fresh weight changes of mesquite seedlings at 70 F until sometime after 48 hr (Table 3) although there was a reduction in germination at 48 hr. Emergence activity from sand media would indicate that moisture stress probably exerted its greatest influence after 72 hr. After 72 hr, few of the seedlings at 70 F and under moisture stress were germinated and seedling vigor was low (Fig. 2) .
Germination and early seedling growth of mesquite was consistently favored by a constant temperature of 85 F. There was no great change in percentage fresh-weight increase of seedlings due 
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but usually, this is considered to be the maximum (Cracker and Barton, 1957) . Early imbibition of moisture is primarily a physical process related to properties of the colloids (Mayer and PlojakoffMayber, 1963) . Thus the rate of water uptake is increased by high temperatures, although the total moisture absorbed peratures (Cracker tion of raw data sl 11 weight increase to moisture stress cou 11 favorable temperat L is reflected by the may be reduced by high temand Barton, 1957) . Examinaowed the highest rate of freshoccur at 100 F. The effect of d have been masked by the unu-e after 96 hr. This possibility lack of differences in seedling by radicle lengths.
When no vigor as expressed . moisture stress was exerted at 100 F, the mesquite seedlings emerged from sand media and survived as long as ample water was available.
The seedlings did not survive for more than 10 days under moisture stresses greater than 2 atm at 100 F.
Seedlings recovered if transplanted by three to seven days after germination from the moisturestress vials to soil in the greenhouse and watered as needed.
There was no noticeable difference in the time required for recovery from moisture stress regardless of germination temperature. Seedlings maintained under 8 atm for longer than seven days after germination did not recover. to moisture stress at 85 F until after 24 hr. This was obviously due to the significant depression of radicle elongation at 16 atm. At 16 atm moisture tension there is no liquid water available; therefore, mesquite seeds can apparently germinate and initiate early growth from moisture available in the vapor phase. Growth cannot be sustained, however, for over three to seven days at this low moisture availability.
Germination was not lowered after 96 hr by 8 atm moisture tension but radicle lengths were suppressed at osmotic pressures of 6 atm or above. The same trend was apparent after 148 hr at an alternating 68 to 86 F temperature. Soil temperatures usually reach 78 to 80 F in the upper four inches of soil around April 5 to 25 on the High Plains of Texas." This would occur about 5 days earlier, on the average, at lower elevations. Thus, spring rains occurring during this period would meet the requisites defined in this study for mesquite germination.
The influence of moisture stress was most apparent on those seeds germinated at 100 F (Table  3) . Seeds of many species will germinate at 100 F, 
Conclusions
Mesquite seedling vigor was reduced more than percentage germination by moisture stress. These data indicate that soil temperatures either below (70 F) or above optimum (100 F), or moisture stress within the optimum temperature (85 F), may reduce the probability of mesquite seedling establishment.
Further, these data combined with longterm soil temperature data indicate that mesquite seedling emergence probably would not occur in the field in West Texas before the second week in April.
The influence of moisture stress on mesquite germination depended on the ambient temperature. At the high temperature, moisture stress was critical early in the germination process. At the low temperature, growth activity of the mesquite seed was evidently dictated by temperature; and, lack of moisture was not a limiting factor until later in the germination process.
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